Modulation of guanine nucleotide affinity does not affect the first order rate constant of activation of adenylate cyclase in native membranes.
A new method was developed to follow the rate of activation of adenylate cyclase in rat brain membranes by rapid freezing and N-ethylmaleimide treatment at 0 degrees C. This method was used to investigate the relationship between the rate of activation of adenylate cyclase by p(NH)ppG and GTP gamma S and their apparent affinities. These studies established the following. 1) The kinetics of activation by p(NH)ppG and GTP gamma S were indistinguishable although the apparent affinity of p(NH)ppG was 20-fold lower than the affinity of GTP gamma S. Activation was first order, kobs varying approximately 1.5-fold (average t 1/2 = 3.5 min, 30 degrees C) between 20-90% occupancy by either guanine nucleotide. 2) Final levels of activity were strictly dependent on the concentration of the nucleotides in a saturable manner. 3) Mg2+ increased the apparent affinity of either guanine nucleotide by 10-20-fold between 0.1 microM and 3 mM free Mg2+ in the presence of 2 mM EDTA but did not enhance the rate or maximal extent of activation. 4) The effects of Mg2+ were expressed through two independent classes of sites with affinities in the nanomolar and micromolar range. 5) A Mg2+ X guanine nucleotide complex was not the substrate for activation. The affinity of Mg2+ for nucleotides was determined as 6.25 mM GTP gamma S, 0.930 mM GTP, 0.156 mM p(NH)ppG. 6) Full activation by p(NH)ppG was completely reversible but activation by GTP gamma S was only partially reversible. These results suggest that: activation of adenylate cyclase in native membranes does not require Mg2+ or irreversible binding of the guanine nucleotide and there are two independent pathways for formation of active adenylate cyclase. A minimal mechanism for activation is discussed in light of current models.